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Abstract 
This master thesis investigates the potential use of biogas from organic residues in the 

area of the cities of La Paz and El Alto in Bolivia. The two cities have currently a 

contamination problem and biogas emerges as opportunity for both waste 

management and energy generation. There are approximately 274 500 tonnes/year of 

residue that can be used to produce biogas. This amount of residue can generate 

approximately 33,500,000 m3 of biogas. 

The advantages and disadvantages of five different digester types (the smaller tubular 

digester, the fixed dome digester, the floating drum digester and the bigger German 

AEV digester and a Swedish digester) were investigated to see if they could be an 

option for use in Bolivia. The German AEV digester is better when compared to the 

Swedish unit from Flotech in case a larger biogas digester would be implemented. 

Among the smaller digesters, the tubular digester already has access to the necessary 

resources and knowledge, and they can be operated at a cheap price. The fixed dome 

digester and the floating drum digester are  not used in Bolivia at present, and there is 

no knowledge in the country about how to implement them.  

There are technical, social and economic issues related to an eventual installation of a 

big digester in Bolivia including transportation logistics and costs, how to motivate 

the population to sort out the different residues, and also the state subvention of 

natural gas production that lowers the price of biogas required to make it competitive. 

To see if it is economically viable to build a functional biogas generator for this area, 

economic data were compared. The analysis shows that the fixed dome and floating 

drum digester are much better economic investment than the tube digester. The bigger 

digesters are economically viable without financial aid if there is a market for the by-

product fertiliser in Bolivia. The data for this analyse also shows that the conditions 

that exist today in Bolivia make it economically viable to invest in a bigger digester 

but only the fixed dome and the floating drum digester are economically viable 

without a market from the fertiliser.  
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Summary 
The purpose of this master thesis is to investigate the potential for use of biogas from 

various organic residues and solve the current contamination problem in the 

investigated area - the cities of La Paz and El Alto in Bolivia.  

Contamination from slaughter factories in El Alto and household garbage in La Paz is 

becoming a problem for both the cities and for the rivers in the area. One way to solve 

the problem is to produce biogas from the residues. These residues can be converted 

into renewable gas that can provide energy services to households and companies. 

This study has been developed within the Division of Energy and Climate Studies at 

KTH, Stockholm, in cooperation with CPTS, Centro de Promocion de Tecnologias 

Sostenibles  in Bolivia. The project received financial support from MFS (Minor Field 

Study), Sida, in the form of a grant.  

The project can be divided in three parts. The first part of the study evaluates the 

quantity of organic residues that is available in the cities of La Paz and El Alto which 

can be used to generate biogas. 

 

The second part of the project is an evaluation of five biogas digesters that are 

currently available on the market, their advantages and disadvantages, and their 

suitability for deployment in Bolivia today. Here, factors such as investment cost, 

maintenance costs and digester capacity have been considered. 

 

The third part of the project investigates whether building a functional biogas plant 

for production and generation of biogas is a cost-effective project. The economic 

investment required for the production of biogas for inhabitants in the investigated 

area is evaluated, along with the payback time with a given interest rate. 

 

The results of the project show that there are 274 500 tonnes/year of residue that can 

be used to produce biogas. This amount of residue can generate approximately 

33,500,000 m3 of biogas. 
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Five different digesters were analysed, of which three are small scale and two are of 

larger scale. The small-scale digesters analysed were the tubular digester, the fixed 

dome digester, and the floating drum digester. The large-scale digesters analysed were 

the bigger German AEV digester and a Swedish digester. 

Among the smaller digesters, the tubular digester is already in use in Bolivia. Today, 

the tubular digester provides a small number of families in El Alto and other parts of 

Bolivia with biogas and its use is spreading all over the country. Bolivia already 

possesses the necessary knowledge for deployment of this alternative, and the low 

cost of the digester makes it possible for local people to buy a digester. This digester 

is already an option in Bolivia. 

The fixed dome digester is not used in Bolivia today. There is little knowledge about 

this digester and no-one possesses the necessary construction skills to build it. The 

same can be said about the floating drum digester which is not currently an option in 

Bolivia.  

 

When it comes to the bigger digesters, the AEV digester has a much higher capital 

cost than the other digesters. Therefore it is a much harder unit to invest in without 

any financial aid or anyone taking significant economic risks. The price is reasonable 

compared to the size and capacity of the digester, so with an economic analysis this 

digester could be a viable option. The Swedish digester from Flotech is far too 

expensive and complicated to operate for anyone in Bolivia to invest in today. In 

general, a digester of this bigger size results in more problems such as transportation 

and the organisation and recycling of the different residues. 

To see if it is a profitable business venture, an economic comparison of different 

digesters was carried out. The initial analysis shows that the fixed dome and floating 

drum digester are theoretically much better economic investment according than the 

tube digester. The bigger digesters are economically viable without financial aid if 

there is a market for the by product, fertiliser, in Bolivia.  
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1. Introduction 
The renewable energy source known as biogas is used all over the world today. 

Generating biogas from residues and slaughter house waste can contribute to solving 

environmental problems. For example, the blood from slaughter waste that is released 

directly in the water which contains pathogens and the collection system of garbage 

that can not take care of all the garbage.  

The purpose of this master thesis is to investigate the potential use of biogas from 

residues that currently contaminate the water system in two cities of Bolivia, and 

verify whether this makes for a positive business case. The residues can be converted 

into renewable gas and used to provide energy services for households and 

companies. The study takes place in the cities of El Alto and La Paz in Bolivia. Using 

biogas in this area could be a starting point for the use of sustainable energy. This 

would reduce the use of fossil fuels and could also have agricultural applications, for 

example, producing bio-fertilizers to replace the chemical products that are used 

today. 

This thesis also quantifies the economic potential and investigates economic 

constraints of the objectives described above. The study builds on previous master 

theses from Thibault Caille L’Etienne , “Potential for biogas production from 

slaughterhouses residues at high altitude in Bolivia”, presented 2010. 

 

The project was developed at ECS, KTH in cooperation with the Bolivian partner 

CPTS. Costs and benefits resulting from the use of biogas as energy supply are 

analyzed. Considering the wide-spread free market of today, another interesting issue 

is whether the biogas digester can endure independently with the economy, society 

and ecology conditions that exist today. There are subsidies and policies that play a 

very important role for a functional biogas project.  

1.1 Background 
The area that is investigated consists of the cities La Paz and El Alto, situated in the 

northern Altiplano (highland) in Bolivia, lying at about 3600 meters and 4150 meters 

above the sea level respectively. 
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One problem in this area is the collection and system used to take care of all the 

garbage.[11] The garbage collectors can not handle all the garbage and the amount of 

it seems to increase for every year. In some areas the of La Paz and El Alto garbage is 

lying on the street in small piles on the pavement. To solve the problem, some areas 

burn the garbage on the street in special garbage holders which creates a bigger 

amount of carbon dioxides in the already heavy polluted cities from all the old cars. 

Another problem lies with the meat industry which is very important in Bolivia. 

Every year the slaughterhouses produce more than 5781 tonnes of waste according to 

de an Bolivian newspaper article [5]. The system used to dispose of the slaughter 

waste is causing environmental problems – in particular the blood that is released 

directly in the water which contains pathogens see Figure 1, Appendix 1. [20] 

  

 
 

The garbage problem in La Paz from the Bolivian newspaper La 

Prensa 2009 

One of the rivers close to a 

slaughterhouse in El Alto 

Figure 1 The picture shows the environmental problems in the area that will be 

investigated.  

 

One way to solve this problem of garbage collection is to generate biogas from the 

organic residues. Biogas is a safe, renewable energy source that can mark the 

beginning of sustainable energy development in this area. This could also be the start 

of an environmentally friendly lifecycle where the residues can be converted to 
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biogas, and the residual products from the biogas be used as fertilizers to create an 

environmental friendly cycle see Figure 2, Appendix 1. [16] 

The Swedish community Linköping is an example of the use of a biogas digester for 

slaughter residues which supplies all the busses and taxis in the area with biogas and 

the residual products becomes fertilizers. [32] In Sweden this is an expensive and 

overly-advanced system to solve this problem but other more simple and less 

expensive digesters have been built in Vietnam, China and India. [25] [18] This thesis 

aims at looking at alternative technologies to deal with the problems of residues 

generation  in the meat industry and waste disposal. 

How is the biogas used in Bolivia today? 

At present, biogas experiments are being conducted both in a village of El Alto called 

Achachicala not far from the city of La Paz, and at the university in La Paz, the 

UMSA. The experiments, done with smaller and simply-designed devices called tube 

digesters, are conducted in El Alto. These projects are conducted by the university 

UMSA, CPTS and an German enterprise for international cooperation GTZ in 

Bolivia.  

Experiments are done both to understand the process better and to see how the 

process is affected by different variables. The tube digesters that are analysed in this 

thesis, seem to be a successful experiment, and almost 300 families have implemented 

the tube digester solution. [34.][58.] 

A bigger digester was built a couple of years ago in the tropical San Miguel located 

160 km from La Paz. However, it is not working today and is an example of the 

importance to consider all local and national aspects when building a new biogas 

plant. Today when the digester isn’t working correctly, the gas escapes from the tank. 

It is hard to find information about the construction because some of the researchers 

basic knowledge about the equipment is not in the country. [34.] 

An upcoming project is to generate biogas from the residues from the coffee 

industries in the jungle. This is still in the starting phase and theoretical investigations 

and analyses are being done. [34.] 
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Bolivia is a country that has only just begun using biogas, and therefore has not yet 

developed advanced technologies to produce it. Furthermore, there is no financial aid 

from big investors or from the government for producing biogas at present. 

 

How is biogas used in Sweden today? 

In 2008, approximately 227 biogas plants existed in Sweden and today more than 16 

888 vehicles run on biogas. The biogas plants produced a total of 225 million Nm3 of 

biogas in 2008 which is equivalent to 1359 GWh of energy. The 227 biogas-

producing plants were co-located with 140 wastewater treatment plants, 58 landfills, 

17 co-digestion plants, four industries and eight farm sites. [45][46]  

 

There was a reported total of 694 779 tonnes of waste from households, 

slaughterhouses and food industries released for digestion. This material was sorted 

into food waste from households, from the sewage treatment plant, the co-digestion 

plants, and farm facilities. Waste from slaughterhouses only came from co-digestion 

plants and garden plants. A total of 115 422 tonnes of the digested substance was 

manure. 

 

The Swedish biogas company Svensk Biogas AB supplies the city Linköping’s 80 

biogas buses, 25 garbage trucks, taxis, more than 2500 cars and the world's first train 

powered by biogas, Amanda. Svensk Biogas AB has not yet supplied households with 

gas. One reason for that is the lack of an extended link to the  energy networks for 

natural gas. To be able to share the existing natural gas network, they would have to 

increase the production, because the production of today is not enough to supply 

every household in Linköping and this could be a future option  The gas production  

today is only enough to supply a part of the transport system in the city not the 

households. [32][31].  

 

Svensk Biogas AB has failed to make profits in the last 13 years, but a positive return 

is expected for year 2010, unless the required investment in the new biogas plant 

exceed. Sweden has now accumulated sufficient knowledge about biogas  so that we 

could probably now build a biogas plant that makes a profit from the start. Despite the 
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low economic incentive, this project has been possible  because of the state’s support, 

not least in terms of regulations against  dumping of  organic wastes. [31] 

 

The technology used in the Swedish digesters is generally advanced and complicated. 

The computer system for a big Swedish digester is expensive but totally irreplaceable 

for the company because without this system it would be difficult and almost 

impossible to measure all the values manually. The problem is, if some part of the 

system breaks down and no longer connects to the computer centre which can lead to 

extremely expensive repair costs. [31] 

 

1.2 Organisations involved in this thesis 

CPTS 

CPTS Centro de Promocion de Tecnologias Sostenibles is the institution promoting 

Cleaner Production in Boliva and are working for a sustainable development of the 

country. Their office is located in the centre of the city La Paz and one of the 

supervisors for this project is from CPTS and is the leading connection in Bolivia and 

participate actively.   

 

Energy and Climate Studies  

The division of Energy and Climate Studies (ECS) is a collaboration between The 

Royal Institute of Technology in Stockholm and Energy Authority. ECS research has 

a strong focus on systemic issues related to technology, policy, climate change and 

sustainable development. ECS works with three defined areas of research: bio-energy 

systems, rural electrification and energy and climate policy. They are also responsible 

for several courses in energy policy and climate issues at KTH. 

 

Svensk biogas AB 

One field study is conducted at Svensk Biogas AB that distributes biogas for a larger 

area in Sweden and is located in the Swedish community Linköping.  

 

MFS 
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Minor Field Studies is a grant for cooperation and development projects to individual 

scholarships for overseas study, teaching exchanges and further education in 

developing countries.  

 

UMSA 

The experiments for the first part of the thesis were conducted at the UMSA 

university, Universidad Mayor de San Andrés in La Paz, by Professor Rene Alvarez 

and Limbania Aliaga. 

 

1.3 Goals 

The goal of this study is to determine the technical and economic potential for biogas 

production from organic residues that currently contaminate the environment and the 

water system in the region of the city La Paz and El Alto. This will be achieved in 

three steps:   

Task I – We determine the production potential: How much biogas could be 

produced from these residues? 

Task II – We determine the technical potential: Which technology options 

exist that could be applied considering the local conditions e.g the climate and 

the economy etc.  

Task III – We determine the economic potential: What is the economic 

feasibility of these various technical solutions?  

Finally, we discuss how a symbiosis between the people affected by the 

environmental problem, the potential biogas producers and the potential users of the 

energy services that could be provided by biogas can be achieved so that the project 

can actually become a reality. 

3. Objective 
The project can be divided in three parts.  

 

1. The first part of the study is about the organic residues; how much residue is 

available, what types of residues are available, and how much biogas can be 

produced?  
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2. The second part of the project is an investigation of different biogas digesters that 

can be used to generate biogas in the investigated area and also the task to look at 

digesters that already exist in Bolivia. What biogas digesters exist today and what are 

the advantage and disadvantage to implement them in the investigated area?  Which 

digesters exist in other countries that could be interesting to apply in Bolivia?  What 

are the different advantages and disadvantages for the respective digesters? 

3. The third part of the project is to see if it will be a positive business case to build a 

functional biogas structure that can produce and generate biogas for the people of a 

surrounding area who need it or to a factory. Also is has to investigated what digester 

is required in order to accomplish cost-effectiveness with different interest rates and 

capacity? 

 

2. Method 
In the beginning of the project a time plan and a budget (Appendix 2) were created 

and adhered to during the project.  

Task I - how much residue is produced in the area? How much biogas can be 

generated?  

To answer that, a qualitative deduction investigation was done  - in form of a 

literature study - was carried out. The literature study consisted of statistics and texts 

about the residues that were taken from books, handouts from CPTS, articles, and the 

internet. For the analysis of organic residues, a compilation of reports was facilitated 

by Tomas Lönnqvist - the supervisor for this master thesis. The MSc student has built 

on this material, compared it to other countries, compiled the information and 

analyzed. 

Literature from different types of sources was read. To analyse the statistical data 

different sources were compared to each other and the calculated results were 

compared to data from consumption of residues in Sweden and other countries to see 

if they were reasonable and have some source criticism. References have been given 

in the whole thesis to give the paper an opportunity to be reproducible.  
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A more quantitative  result from the literature study of how much residue is produced 

was given to PhD Rene Alvarez at the Bolivian University UMSA for an analysis of 

how much biogas theoretical could be generated from that amount.  

 Task II What is the best biogas technology for Bolivia? 

In this part , a qualitative deduction investigation was done and as much literature as 

possible from different types of sources was read to ensure a certain degree of source 

criticism. References have been given in the whole thesis to give the paper an 

opportunity to be reproducible.  

Since this part was written in Bolivia some objective methods were performed by 

visits to different biogas digesters in the country. Most of the observations lead to 

informal interviews with questions asked in ordinary working conditions. Even with 

the empirical observations, the thesis is written more as a qualitative deduction study 

based on literature studies (like Task 1) to make it more easily reproducible. The 

empirical objective was saved for the discussion part.  

To perform this task, different types of digesters involved in biogas production were 

evaluated for the specific conditions of the site in question. The work was conducted 

using literature studies, interviews, and field studies to know more about the existing 

digesters in Boliva, Sweden and other parts of the world. Some information about 

different reactor models were taken from the thesis by Thibault Caille L’Etienne 

“Potential for biogas production from slaughterhouses residues at high altitude in 

Bolivia” presented at KTH in 2010. Other information was gathered from the 

company CPTS’ business proposal of one digester they had been offered and also 

from digesters that are used in Sweden and Bolivia today. 

Field studies were done and interviews with persons that produce biogas in Sweden 

and Bolivia to acquire a perspective of how biogas can be generated in the different 

countries were preformed. Articles specialized on reactors in developing countries 

such as India, China and Vietnam were sought out. The information from the different 

chosen digesters were collected, structured up in common headlines for all the 

digesters and written down as Part II of this thesis.  

Task III – Is the use of biogas in Bolivia a good alternative? Can it make a positive 

business case? 
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This part of the thesis is the more quantitative deduction part. Some  calculation was 

made to evaluate the cost-effectiveness of the chosen reactors and to see if it is a 

positive business-case. An economical appraisal was done using well known 

investment appraisal methods. The optimal digester chosen must be as cost-effective 

as possible to generate benefits in a country where the income and purchasing power 

are low. 

Energy bills and more economical data were collected from different statistical 

databases and energy companies in Bolivia. Interviews were done with people in 

different Bolivian banks who have knowledge of interest rates, and furthermore 

statistics from CPTS and literature studies was used to get the different economical 

parameters for further economic analysis. The interviews were mostly done quickly 

with just a few questions to confirm or acquire official papers that are used as 

references further on in the thesis. 

With help from the economist PhD Juan Cristobal at the host institution CPTS, the 

structure of the economic analysis for each digester was prepared in an excel-sheet 

including the respective collected data, amortisation plan, etc. The economic 

appraisals prepared for the different digester types were compared to determine the 

most economically feasible and cost-effective. To include all the variables in the 

collected data the program Crystal Ball together with Excel and is used to take into 

account potential variations in the economic data and can give a range using either a 

normal or triangular distribution curve. The normal distribution curve is influenced by 

the different parameters defined for the study. With a normal distribution curve is it 

easy to see the different possible outcomes for the different parameters and also to see 

which NPV result are the most probable. With the different NPV-values for each one 

of the digesters, it is easy to see which one of them is a better investment. In other 

words, we aim to answer whether for a given biogas production technique there is 

enough residues in the cities to provide the feedstock. In addition, we want to know if 

the initial capital expenditure for the project can be recovered through sale of the 

biogas produced.  
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4. Biogas 
The following text, detailing what biogas is and how to use it, is a summary of the 

discussions  found  in Deublein D. and Steinhauser A.”From waste and renewable 

resources an introduction”, (2008) A Wiley-VCH Verlag GmbH & CoBiogas. [16.] 

4.1 What is biogas and how to generate it? 
Biogas is produced when organic material is broken down by microorganisms in an 

oxygen free environment, so called anaerobic digestion. This process occurs naturally 

in many environments with limited availability of oxygen, such as in swamps, rice 

fields and in the stomach of ruminants. In a biogas plant the organic matter is pumped 

into a digester, which is a completely airtight container. The products formed are both 

biogas and digestate which is a nutrient-rich fertilizer. 

The energy-rich part of the biogas consists of methane. Depending on the production 

conditions biogas consists of 45-85 % methane and 15-45 % carbon dioxide. In 

addition, it will include hydrogen sulfide, ammonia and nitrogen in small amounts. 

Biogas is usually saturated with water vapour. The quantity or volume Biogas is 

usually of the unit normal cubic meter (Nm3), at 0º C and atmospheric pressure.  

The biogas process involves a variety of microorganisms in a complex interplay 

leading to the intricate organic compounds, such as carbohydrates, fats and proteins 

are broken down to the final products of methane and carbon dioxide. 

Biogas process can be divided into three main stages, where the first step, hydrolysis, 

implies that microorganisms with the help of enzymes break up the complex 

compounds into simpler compounds such as sugars and amino acids. In the next step, 

fermentation, a number of products including alcohols, fatty acids and hydrogen, are 

formed. In the last step, there is formation of methane. This is performed by a unique 

group of microorganisms, the so-called meta-makers, who have very specific 

requirements to their surrounding environment. They grow slowly and expire when in 

contact with oxygen. They also need to have special access to certain vitamins and 

trace elements and are sensitive to rapid changes in temperature, acidity (pH) and 

more. 



11 
 

4.2 PH-value 
Each group of microorganisms involved in the anaerobic fermentation has its own 

optimal pH-value for growing. The pH-value of the system also influences other 

parameters such as the toxicity of certain compounds (e.g. ammonia). A pH-value of 

the system between 6.5 and 8 is recommended if methanogenesis is to occur. Because 

of the facility and the rapidity to measure the pH-value, it is an excellent parameter to 

monitor and control the anaerobic reactions (22). 

4.3 Load and dwell time 

The biogas process is a biological process and technology must be adapted 

accordingly. Often the process starts gently and gradually so that the microorganisms 

have time to accustom themselves to new conditions and substrates. The load, i.e. the 

influx of new material per unit time is increased gradually until full load is achieved. 

This may take several months, depending on the substrate digested. The load is 

usually an organic load or organic loading rate (OLR), for example, 2 kg organic 

matter per cubic meter and digestervolume days. The organic substance is sometimes 

referred to as volatile solids (VS). 

The material in the digester is then treated over time. The average treatment of the 

material before removing it from the digester, the so-called residence time, varies 

depending on the input substrate characteristics, and how much methane is extracted 

from the material. Residence time is sometimes given as hydraulic retention time 

(HRT) and usually varies between 10 and 40 days. The shortest time is usually 

applied to plants, while the co-digesting processes often require longer residence 

times. 

HRT /(day) = Volume of the digester m3 volume of organic material daily loaded 

m3/day. 

From one kilogram of dry organic material typically between 0.5 and 1.0 cubic meters 

biogas area extracted, depending on the substrate digested. The production of biogas 

at manure digestion is only about 1.0 cubic meter per cubic meter and digester-

volume day, while exchanges could be significantly larger (2-3 cubic meters of biogas 

per cubic meter digester-volume and day) for more energy-rich substrates used, such 

as various crops and food waste. 
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4.4 Substrate 

Many types of organic materials are suitable as substrates for digestion, for example 

sewage sludge, food waste from households, restaurants and shops, manure, various 

plant materials and grey water from the food industry. Co-digesting of different 

materials often gives a higher methane yield, i.e. the produced amount of methane per 

inserted amount of organic material increases as compared with any material digested 

separately. 

In some cases, the substrate is pre-treated before being fed into the process. Dry 

materials may need to soak up water, while excessive water-rich substrates, such as 

wastewater and sewage sludge, must be dewatered in order not to take too much 

digester-volume. Before digestion, of course the organic material needs to be 

separated from the organic material, e.g. food separated from packaging. Metals can 

be removed by magnetic separation. If food waste is collected in plastic bags, these 

have to be opened and sifted away. 

4.5 Temperature  
The temperature is an important factor to take into account during anaerobic 

digestion. The temperatures that are usually used in biogas processes range from 

about 37°C (mesophilic) to about 55ºC (thermophilic). It is at these temperatures that 

micro-organisms grow best in the mesophilic and thermophilic area. Since the biogas 

process, as opposed to an aerated compost, does not heat itself, the heat must be 

supplied. It is also important that the digester is sufficiently thermally insulated.  

4.5.1 Temperature conditions in La Paz 

The temperature in La Paz varies a lot depending on the season. Dry season is from 

April to October with a lower temperature between 2°C and 15°C and the rainy 

season from November to March with the higher temperature between 6°C and 25°C. 

The temperature also varies significantly between the night and the day due to the 

high altitude. 

4.6 Agitation 
Agitation improves the contact between the substrates and the bacteria and eliminates 

the metabolites produced by the bacteria. It also helps the gas to escape the liquid and 

gives a uniform density to the bacteria populations. It prevents sedimentation, the 
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formation of dead zones which reduce the effective volume of the system and it also 

maintains a uniform temperature. 

4.7 Sanitation process for slaughterhouse waste 

The biogas plants treating materials of animal origin, such as slaughterhouse waste 

and manure, must be sanitized before the digestion process. The sanitation process is 

usually performed by heating all the material to 70ºC for at least an hour before being 

fed into the digester. 

4.8 The use of biogas 

The energy in the biogas can be utilized in different ways. Among other things, it can 

be used for heating, cooking fuel or light. Heating could either be provided locally or 

distributed over a wide area. Biogas can also be used for the production of electricity 

and thus contribute to an increased proportion of green electricity in the grid. New 

opportunities for storing and distributing biogas are also becoming available due to it 

being used as vehicle fuel. This can be distributed in separate lines or through the 

public supply, but also transported as compressed gas or in liquid form. 

One important part for this thesis is the decomposed slurry that remains after 

generating biogas can be used as manure for cultivation purposes (fertilizers).  
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5. How much household and slaughterhouse waste is there in 

La Paz and El Alto? 
The information sought is how much biogas can be generated from the organic 

household waste and the waste from the slaughterhouses.  

5.1 Geographic area 

The first part of the text is for La Paz - a city with approximately 900 000 inhabitants, 

which is deemed large enough for the project. In the end of the text, the result is 

calculated for the area El Alto and La Paz together, which in total add to 1.7 million 

inhabitants.  

5.2 Household waste in La Paz and El Alto 
Every day the citizens of La Paz produce 470 tonnes of garbage [1]. That will amount 

to approximately 171,550 tonnes of garbage every year. 

According to a Bolivian Statistical Institute (INE) estimate, 168,849 tonnes of 

garbage is produced every year. [2] Other sources indicate slightly higher but similar 

numbers, for example 170,280 tonnes/year [3] and 200,750 tonnes/ year [4]. 

The average amount of garbage produced according to these four independent sources 

is 176,857 tonnes/year in the city La Paz. 

The organisation Fundare states that the citizens of La Paz  generate about 0.6 kg 

household waste each day [4], [12]. According to statistics from CPTS [10] the 

citizens of La Paz produce 0.379 kg garbage daily, which is consistent with what is 

mentioned above. This figure is comparable to Stockholm, where 0.8 kg garbage is 

generated every day [8].  If the citizens generate 0.6 kg waste/day a sum of either 

182,920 tonnes /year in the area of the city La Paz, or 372,300 tonnes / year in the 

area El Alto and La Paz together of household waste each year is obtained. 

According to Statistics from CPT  the organic content in waste is 65.8% [10]. This is 

less than what is mentioned by some sources such as 83% in the Bolivian newspaper 

[11] but also less when compared to an other source that claims it should be around 

60% from the organisation Fundares homepage.[12];  
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Assuming that 69.6% of all the household waste (372,300 tonnes / year) produced in 

El Alto and the city La Paz together is organic waste, a sum of 259,120 tonnes / year  

is obtained. 

5.3 Market waste and slaughterhouse waste 

According to INE, the Bolivian National Statistics Institute, 6741 tonnes of waste 

products from slaughterhouses and industries are generated each year, see Table 1. 

Household 139 596 tons 

Public places 5705 tons 

Markets 9568 tons 

Hospital 3239 tons 

Industries and slaughterhouses 6741 tons 

TOTAL 164,849 tons / year 

Table 1- INE table for La Paz Bolivia 

According to SIREMU 2004 and CPTS, is there another equal proportion of how the 

garbage is distributed in the city of La Paz. [12]. 

Slaughterhouses in Bolivia generate 30,000 tonnes of waste each year [5]. This is a 

number that is comparable with the number of tonnes produced in two well-developed 

slaughterhouses in Perstorp or Stentorp (Sweden) each year; 40,000 tonnes and 

24,000 tonnes respectively [6],[7]. 

According to an Excel table (see Table 2) made by two project workers from the 

Energy Technology (2009) Department at KTH, Stockholm, the company obtained a  

5781 tonnes of waste from slaughterhouses in La Paz each year (see Table 2). This 

number was deduced from personal interviews and research conducted. It would be 

3.5% of the total waste in La Paz, and about 18% of the total slaughterhouse waste 

throughout Bolivia, which is as much as 30 000 tonnes a year [5]. The facts in the 

table can be verified with the article from La Prensa [5]. The number of animals 

slaughtered can be compared to those slaughtered daily in the cities of Lobatse and 

Francistown (Zimbabwe) - approximately l to 650 animals per day in Lobatse and 1 to 

350 animals per day in Francistown [9]. 
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City Location Number of 

Animals 

Rumen 

content 

Blood Dung 

La Paz Los Andes (El 

Alto) 

300 units 9000 kg 3600 liters 600 kg 

 Achachicala 60 units 1800 kg 720 liters 120 kg 

Table 2- Estimated number of animals slaughtered and the waste generated per day 

in Bolivia (La Paz and El Alto) 

5.4 Result 
The result of how much waste from which it is possible to generate biogas was 

handed in to professor Rene Alvarez at the UMSA. Professor Alvarez made two 

tables based on these results. See the ‘results’ section of this thesis for further 

explanation.  

The conclusion of Rene Alvarez’s work is that 274 500 tonnes /year of residue can 

generate approximately 33,250,000 m3 of biogas. 
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6. Choice of Digester 
Part one of this thesis showed that with this amount of residue, there is a possibility to 

implement biogas in the investigated area. Even if there are enough organic residues 

to provide a technology that produces biogas, equipment that is adjusted to the 

conditions particular to the investigated area must be chosen.  

6.1 Methodology  

To compare the differences between bigger and smaller digesters, three smaller 

digesters (the tube digester, fixed dome and floating drum digester) and two bigger 

digesters (The German AEV and a Swedish digester from Flotech) have been 

considered.  

All the small digesters are well-known digesters that are used in developing countries. 

Therefore, significant amount of information already exists and is easy to find and the 

digesters [20]. The first of the three digesters, the tube digester, is already used on a 

small scale in Bolivia; to compare a well-known digester that already exists in the 

country with other digesters from other countries is a good option to discern whether 

the tube digester is the best choice. The smaller digesters are ideally used as small-

scale biogas digesters, and usually provide fuel for domestic lighting and cooking for 

one family owning and maintaining the digester. 

The bigger digesters are a bigger investment and have the capacity to provide a big 

factory or a whole community with biogas. The biogas can also be converted to 

electricity if the digester has the capability and the option is cost-effective. To 

compare two digesters - one that has already been proposed as an option in Bolivia, 

the German AEV, and the other that already exists in Sweden, the Flotech - could be a 

way to approach the differences in cost and technology for countries with different 

levels of progress in biogas production.  

A summary of the most important characteristics for the digesters is done with a focus 

on the individual cost of each unit. To determine if an individual digester is a cost-

effective business case, the following questions have to be answered: how much does 

the unit cost? How much biogas can it produce daily? How many persons are needed 

to maintain the equipment? 
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Five digesters will be described with the following criteria:  

• Introduction 

• Working principle  

• Investment cost 

• Maintenance costs 

• Maintenance 

• Logistics 

• Capacity 

• Experience needed 

• Life expectancy 

• Capacity for the investigated area  
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6.2 Digester 1 -Tubular digester  
Introduction 

The tube digester even called bag digester is a smaller digester and it has been well 

used in developing countries like Vietnam, China and is also used in Bolivia today. 

[13] Most of the technical information of this tube digester is taken from an article 

from the University of Arhus [15] and the official homepage of the experiments of the 

tube digester in Bolivia. [28] The article from Arhus shows that the digester 

technology is appealing to the rural people because of its low costs, fast 

reimbursement, simplicity and positive effect on pollution. [13] The knowledge can 

already be found in the country and the low cost of the unit makes it possible for the 

local people to buy a digester. [34]  

 

Working principle  

The bag digester plant mainly consists of a plastic or rubber digester bag. The 

substrate and sludge is fed in the bag which has inlet and outlet tubes attached directly 

to the skin of the bag. The gas can be stored in another bag but is usually stored in the 

upper part of the bag. The residue is collected in the lower part of the bag (see Figure 

3,Appendix 1). [20] 

Advantage 

• Inexpensive 

• Quick to install 

• Simple to maintain [14] 

• The bag walls are thin. Hence the 

digester content can be heated easily if 

external heat source is available e.g. sun. 

[20] 

 

Disadvantage 

• Built for a warmer climate [14] 

• It has short life span (average 2 years) 

• It is easily damaged and hard to repair 

• More labour required to remove the 

slurry and transport it to the field 

• It is very hard to maintain a uniform 

temperature when there is fluctuation of 

temperature in the environment.  

• It is difficult to insulate [20] 

 

 

Investment cost 

The cost for a fully installed digester plant is around 180-340 US$ in Vietnam. The 

installation cost in countries such as Cost Rica and Ecuador is around 130 US$, with a 

material cost between 14-82 US$ [15] The materials cost of a digester can vary from 
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135 US$ to 220 US$ in tropical regions, due to temperature changes a slightly 

increased materials cost is required for insulation at higher altitudes. [28] 

 

Maintenance 

To maintain the tube digester approximately one day of training is required. The tube 

digester is supposed to be a medium hard digester to maintain. [19] The feedstock for 

the digester is manure and organic residue at warm loading temperature is required 

and should be maintained at around 26.4 °C and the pH-value should be around 6.7. 

[15]  

 

Maintenance costs 

Because of the small size of the digester it is only appropriate for small scale use so 

only one person is needed to maintain the digester and it is usually the unit’s owner.  

[27] 

 

Logistics 

This digester is only for local farming processing so no transportation is needed.  

 

Capacity 

The tube digester   1.9-2 m3/day 

 

The digester liquid volume is between 2-15 m3 and 1.9 m3 biogas can be produced 

every day. Another source says that a 4 m3 digester can produces 1 m3 of gas per day, 

enough for daily cooking and heating [27]. For a family the main use of the biogas 

small-scale biogas digesters usually provide fuel for domestic lighting and cooking. 

[21] Until the production of usable gas there is a period of between 1-60 days with a 

mean value of 17 days. [15]  

 

The construction time for the digester is 2 days. [19]  

 

Experience needed 

Medium-Good constructions skills needed to build a tube digester and it takes 

approximately two days to build and learn how the digester functions [19] 
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Life expectancy  

Main causes of damage to the digesters are the sun, falling objects, people and 

animals. If the plastic is exposed to sun it breaks approximately after 2 years and it 

costs around 15 US$ and it takes one workday to repair. In some countries roof and 

fences are built to protect the digester. [15] 

 

Capacity for the investigated area 

The hypothetical values of how much biogas can be produced each year (given in part 

one of the thesis) divided by the capacity of this digester gives an approximate result 

of how many digesters can be implemented in the investigated area.  

 

This calculation gives an approximate result of 5000 digesters in the investigated area.  
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6.3 Digester 2 - Fixed dome digester 
Introduction 

The fixed dome digester has a simple small design for a digester and has been 

developed in China. The local designs will no doubt be well optimized for local 

farming practices and the types of waste available. Although this is the most well 

known digester design and the most widely used, it has some disadvantages. [25] 

 

Working principle  

The biomass to be digested is fed to the digester and the responsible bacteria convert 

it to biogas and slurry. [20] As the name implies, this type of digester has a gas-

collecting dome that is fixed. The digester is normally constructed using bricks and 

mortar and ends with a solid fixed dome in the shape of an igloo. [25] The gas 

consisting of methane and carbon dioxide with other trace gases is captured in the 

dome shaped gasholder while the slurry is displaced in the compensating tank. [20] 

When gas is consumed slurry enters back into the digester from the compensation 

tank. At the time of gas production slurry is pushed back sideways and displaced to 

the compensation tank. [20] As a result of these movements, a certain degree of 

mixing is obtained of slurry of different ages; therefore this design approaches a 

mixed digester reactor. 
Advantage 

• Solid and long lasting 

• No moving parts  

• Mostly underground 

• Piping  

 

Disadvantage 

• Needs experienced technicians for building and maintenance 

• Total air/water tightness is essential for proper operation 

• Fluctuating gas pressure (often very high) 

• Annual emptying and maintenance. 

• High investment cost (1,500 US$ for 7m3) [21] [25] 

 

 

Investment cost 

The fixed dome digester is relatively expensive compared to the tube digester. The 

fixed dome digester costs around 1,400 US$. [19][27] 
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Maintenance 

Operational requirements are low but the training required to maintain the digester is 

3 months, due to automatic feeding. The feedstock for the digester is manure and 

organic waste, a mixture of animal and toilets wastes. The digester does not use 

agitation and is difficult to clean. Gas leaks are a problem, especially in distribution 

pipes. Therefore regular check-ups are necessary. Dislodging is occasionally 

necessary. [17] For fixed-dome type digesters, the quality of the building materials 

must be high as the biogas is held under pressure within the dome. [22] One big 

advantage with the fixed dome digester is that it is suitable for cold and warm 

climates because the majority is located below ground level. Therefore the plant is 

protected against low temperatures occurring during night and in cold seasons. The 

temperature within the digester is lower during daytime and higher during night time 

(GTZ, 1999). This fluctuation is beneficial for the methanogenic bacteria and 

subsequently for the biogas production. [20][27] 

  

Maintenance costs 

Because of the small size of the digester it is only appropriate for small scale use so 

only one person is needed to maintain the digester and it is usually the unit’s owner. 

[27]  

 

Logistics 

This digester is only for local farming processing so no transportation is needed.  

 

Capacity 

The digester volumes can be up to 200 m3 which are recorded and possible. The fixed 

dome plants produce just as much gas as a floating-drum plant which is: 

 

Small- to middle-sized farms    5-15 m3 

larger agro-industrial estates    20-100 m3 [27] 

  

The volume and rate of gas production is dependent on the type and frequency of 

material fed into the digester as well as on the temperature. This means that the 

amount and pressure of gas available will continuously vary, making it less efficient 

to run any type of biogas equipment such as gas water heaters, lights and generators. 
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[25] Due to economic parameters, the recommended minimum size of a fixed-dome 

plant is 5 m3. However, utilization of the gas is less effective as the gas pressure 

fluctuates substantially. Burners and other simple appliances cannot be installed in an 

optimal way. [26]  

 

The construction time for the fixe dome digester is 18 days. [19]  

 

Experience needed 

High skills and high maintenance is needed to maintain the fixed dome digester and 

training is approximately three months. (19.) The actual construction of the digester 

requires a very high level of skilled labour. Constructing a dome using bricks and 

mortar is a task suitable only to a very experienced brick layer and is also time 

consuming. A critical aspect of a digester is that it has to be constructed and sealed in 

such a way that it is airtight - any crack in the structure will allow the biogas to 

escape. [25] 

 

Life expectancy  

It is simple, has no moving parts and has therefore a long lifespan, up to 20 years 

[26], [27]. More than 50% of this type of digester has a functional life span of more 

than 3 years. [25] The cost per unit of energy over a digester's 15- to 20-year life 

cycle is lower than both solar power and the cost of extending a conventional 

electrical grid. [17]  

 

Capacity for the investigated area 

The hypothetical values of how much biogas can be produced each year (given in part 

one of the thesis) divided by the capacity of this digester gives an approximate result 

of how many digesters can be implemented in the investigated area.  

 

This calculation gives us an approximate result of 140 to 960 digesters in the 

investigated area depending on the size of the digester.  
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6.4 Digester 3 - Floating drum digester 
Introduction 

The floating drum digester is a small digester for local farming processing. In the 

past, floating-drum plants were mainly built in India. The technology is limited to 

locations where the organic feedstock and water are readily available, since regular 

supply of water is essential for the operation of biogas plants. [18] 

 

Working principle  

A floating-drum plant consists of a cylindrical T formed figure. It is supported by a 

well made, dome-shaped digester built from concrete and a moving, floating gas-

holder, or drum. The gas-holder floats either directly in the fermenting slurry or in a 

separate water jacket. The drum in which the biogas is collected has an internal or 

external guide frame that provides stability and keeps the drum upright. If biogas is 

produced, the drum moves up, if gas is consumed, the gas-holder sinks back. It is 

divided into two parts. One side has the inlet, from where slurry is fed to the tank. The 

tank has a cylindrical dome, which is made from stainless steel that floats on the 

slurry and collects the gas generated. This is the main difference with the fixed dome 

digester discussed above. The gas can be taken out through outlet pipes as the 

decomposed matter expands and it overflows into the next chamber in tank. [21] 

Advantage 

• Floating drum has a simpler design than 

the fixed dome  

• Constant gas pressure 

• Solid main tank  

• Underground piping  

• Easy to understand 

• Provides gas in a constant pressure. [21] 

 

Disadvantage 

• Needs experienced technicians for building 

and maintenance  

• The floating drum mechanism causes 

many problems: corrosion, faulty 

operation, sticking to the sides (unless a 

water jacket is used), jamming  

• High incidence of scum formation even 

with the floating drum’s scum-breaking 

system [21] 

 

 

 

Investment cost 

The investment cost of the floating drum digesters is almost the same as for the fixed 

dome digester and is usually from 800 US$ to 1,700 US$ for rural farmers. [18] 
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Maintenance 

The maintenance for the digester is high and the training requirement to use the 

digester is three months. The feedstock for the digester is manure and organic waste 

and the digester can operate in only warm conditions, therefore a heating system is  

needed and can therefore become an extra expense. The digester has no agitation but 

is easily cleaned.  [19] 

 

Maintenance costs 

Because of the small size of the digester it is only appropriate for small scale use so 

only one person is needed to maintain the digester and it is usually the unit’s owner.  

When properly designed and sized, the digesters should be able to supply gas 

continuously. [18] 

 

The digester only works in warm conditions which makes an external heater may be 

needed and that will be an extra cost.  

 

Logistics 

This digester is only for local farming processing so no transportation is needed.  

 

Capacity 

Small- to middle-sized farms    5-15 m3 

larger agro-industrial estates    20-100 m3 (27.) 

 

The construction time for the biogas digester is 18 days.  

 

Experience needed 

Three months of training required to maintain the floating drum digester. The skills 

needed to use the digester are high. [19] 

 

Life expectancy  

The life-time of the drum is up to 15 years; in tropical coastal regions about five 

years. [26] 
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Capacity for the investigated area 

The hypothetical values of how much biogas that can be produced each year (given in 

part one of the thesis) divided by the capacity of this digester gives an approximate 

result of how many digesters can be implemented in the investigated area.  

 

This calculation gives us an approximate result of 140 to 960 digesters in the 

investigated area depending on the size of the digester.  
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6.5 Digester 4 - The German AEV digester, Environmental concept GbR  
 

Introduction  

The AEV is a bigger digester that can produce from 360 m3 up to 500 m3 biogas 

depending on the digester chosen. [30] The digester is from the German company 

Environmental concept GbR. The company is a private international consulting firm 

for environmental protection and international cooperation. One of their consulting 

projects deals with biogas plants, where they evaluate and attend the plants. The 

companies verify projects in Latin America that generates VERs (voluntary emission 

rights) and create contacts to German clients in order to purchase them.  [29] 

 

Working principle  

AEV suggests an anaerobic waste treatment plant consisting of the following 

treatment units:  

 

Biogas plant:  

• equalisation tank  

• anaerobic digesters  

• digestate storage tank  

• biogas storage  

• blower station  

• biogas burner and boiler  

 

All the substrates come into the equalisation tank together with the water for the 

dilution. The intestines have to be ground first, because there is a special pump 

including a cutting device which mixes them. Afterwards, a pump transfers the 

homogenised substrates continuously into the anaerobic digester.  

The AEV sludge system is for the digestion consists of an open cylindrical concrete 

tank. The cover also works as a biogas storage device. The agitators are chosen 

according to the substrates. Stainless steel tubes suspended within water, heat the unit.  

Following a combustion process, like in the co-generating set, the water is converted 

to sulphuric acid.  

The gas storage device covers the digester. It is made of a material especially made 
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for biogas. It equalizes the differences between gas production and gas consumption 

as a buffer. It is a pressureless gas storing system. It has a security device which 

protects the membrane against overpressure and underpressure.  

The storage tank stores the digestate until it gets spread. The digestate flows through 

the overflow from the digester into the storage tank.  [30] 

 

Investment cost 

The smaller digester for 30 animals costs 335,266 US$ 

The bigger digester for 50 animals costs 371,841 US$ [30] 

 

Maintenance 

High maintenance skills are required for this digester. The feedstock for the digester 

is manure and organic waste and the unit can operate only under warm conditions of 

37 °C but the digester is built to handle cold climate and therefore included in the 

price of the digester. [30] The digester has some agitation and is cleanable. [33] 

 

Maintenance costs 

There is only one person needed to maintain to feed the digester every day. [33] 

Feedstock needed every day is the manure of 30 or 50 animals depending on the 

chosen digester. [30] One year warranty service is included in the price. [33]  

 

Logistics 

There is a logistical problem that depends on if the digester will be used for organic 

residues for a entire population, for example a village or if it used in an industrial 

setting. The plant can be built directly connected to a slaughterhouse to dispose of 

animal waste and produce biogas in return. 

 

• Case one: Organic residues have to be collected from different households 

• Case two: Digester directly connected to the slaughterhouse 

  

The two cases are discussed furthermore in the discussion part.  
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Capacity 

The smaller AEV can generate biogas form the waste of  

30 animals   360 m3/day =  2340kWh/day 

50 animals    500 m3/day = 3250kWh/day 

 

Planning, packaging of the equipment and supervision of the assembling is done by 

the company. The equipment delivered completely functioning, assembled and taken 

into operation by AEV.  

 

Construction Period: 6 months  

Start up: 2 months  

Fine adjustment: 3 months [30] 

 

Experience needed 

One week of training is required to maintain the AEV and it should be operated by a 

mechanic. [33] 

 

Life expectancy 

The expected life time for the digester is 25 years. [33] 

 

Capacity for the investigated area 

The hypothetical values of how much biogas that can be produced each year (given in 

part one of the thesis) divided by the capacity of this digester gives an approximate 

result of how many digesters can be implemented in the investigated area.  

 

This calculation gives us an approximate result of 26 respective 19 digesters in the 

investigated area.  
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6.6 Digester 5 - The Swedish biogas digester from Flotech 
Introduction 

A big and advanced digester from the company Flotech is the digester that the 

Swedish company Svensk Biogas AB is using. This digester has just been 

investigated to see if a country like Bolivia could invest in a digester of that size 

today. Most of the information comes from an interview with Johan Petterson and the 

official annual report for the company. [31],[32] 

 

Working principle  

At Västberga Farm in Åby the slaughterhouse residues are delivered to the biogas 

plant in large tankers (that unfortunately is on diesel and not biogas). These tankers 

contain slaughterhouse waste which is already broken down to 12 mm by the butchers 

before it gets to the biogas plant. The first stage is to disinfect the residues by heating 

it up to 70°C for approximately one hour. Then the waste mixes with organic acids 

and fats the temperature drops down to 38 °C to get the bacteria to flourish and is then 

transferred to the digester. In the compact digester of 3800 m3 the waste digestion 

begins in anaerobic conditions and a pH-value of 7.8. Waste products for the 

extraction of biogas are transported and used as bio-fertilizer on nearby farms. 

 

Investment cost 

The investment for the biogas digester amounted to 1,700,000 US$. [31] 

 

Maintenance 

The maintenance skills required for the digester are very high. The feedstock for the 

digester is slaughterhouse waste and the digester can operate in only warm conditions 

38 °C but the digester is built to handle cold climate. [32] 

 

Maintenance costs 

Today the company has a revenue of 75 million SEK per year and makes new 

investments of 250 million SEK per year. [32] 

 

In order to control the system the company has 8-12 people during the daytime 

working with the biogas plant through their computer systems. There is always 
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someone who is connected to the computer system twenty four hours a day to quickly 

change the system if an alarm goes off.  

Out of 55,000 tonnes of slaughterhouse waste 6.5 million Nm3 of biogas can be 

generated is approximately 6500 MWh every year. [47] 

 

Logistics 

There is a logistical problem that depends on the digester being used for organic 

residues for a entire population, for example a village or being in an industrial setting. 

The slaughter house can be built directly connected to dispose of the animal waste 

and produce biogas in return. 

 

• Case one: Organic residues collected from different households 

• Case two: Digester directly connected to the slaughterhouse 

  

The two cases are discussed further on in the discussion part.  

 

Capacity 

Svensk Biogas AB generated in 2009, 8.5 million Nm3/year biogas and is a large 

growing company and has the capability to increase its production to 20 million 

Nm3/year in a few years. Linköping consumption today is more than 30,000 m3 of 

biogas per day.[31]  

 

Experience needed 

To maintain the digester a technical school degree is needed and the computer system 

takes time to understand fully. [32] 

 

Life expectancy  

The life expectancy for this digester was not mentioned, there is no guarantee either 

and the reparation costs for the digester are really high.  

 

Capacity for the investigated area 

The hypothetical values of how much biogas that can be produced each year (given in 

part one of the thesis) divided by the capacity of this digester will give an 
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approximate result of how many digesters can be implemented in the investigated 

area.  

 

This calculation gives us an approximate result of 1/2 digesters in the investigated 

area with this size.  
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6.7 Summary of facts for the different types of digesters 
Much of the information is taken from the table is taken from the webbpage of  

Telescoping HDPE Digester (THD), Popular Biodigesters & other valuable 

biogas INFO reference [19] 

 Item 
Tubular Fixed Dome Floating Dome The German 

digestor- AEV 

The Swedish 
digester from 

Flotech 

1 Construction 
Time 

2 days 18 days 18 days 80 days More than 80 
days 

2 Skills Required Medium High High High High 

3 Training 
Required 

1 day 3 mon 3 mon 1 week  

4 Maintenance Medium High High High High 

5 Cost Low 

130-340 US$ 

High 

1,400 US$ 

High 

800 US$ and 
1,700 US$ 

Very High 

335 266-371 
841US$ 

Extremely High 

1,700 000 US$ 

6 Feestock Manure & 
organic waste 

Manure & 
organic waste 

Manure & 
organic waste 

Manure & 
organic waste 

Slaughterhouse 
residues 

7 Minimum size 5m3 5m3 5m3 360m3 38000m3 

8 Operating temp. Warm Warm & Cold Warm Warm Warm 

9 Agitation No No No Yes Yes 

10 Cleanable No No Yes Yes  

Table 3- Comparison of different economical factors for the five digesters 
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6.8 Natural, technical and agricultural questions  

The performance of a biogas plant is dependent on the local conditions in terms of 

climate, soil conditions, the substrate for digestion and building material availability. 

[27] No matter which design is chosen, the digester (fermentation tank) must meet the 

following requirements:  

• Enough foodstuff - One problem can be that the slurry is diluted when fermentation 

of human or animal and animal waste is done. Before installing a digester there must 

be enough feeding material to feed the digester for the long-term. Supplies can be 

inconsistent and that can make the people loose confidence in the technology. 

Otherwise a combination between different materials can be used. Enough feeding 

material seems not to be a problem today. 

 

• Water/gas tightness – water tightness in order to prevent seepage and the resulting  

threat to soil and groundwater quality; gastightness in order to ensure proper 

containment of the entire biogas yield and to prevent air entering into the digester 

(which could result in the formation of an explosive mixture). A constant water 

supply for the digester has to be assured to function. 

For small digesters in water-scarce regions this is no problem, because in these times 

of scarcity, the liquid fertilizer output can be used as "water" mixed with fresh 

manure. The digester has to be well built and be secured from animals and other 

objects that can damage the digester. [28] 

 

For a big digester a water system has to be included in the price from the company to 

make sure it always contains water. One of the problems with the existing biogas 

digesters in Palos Blancos was that the digester was leaking gas. A guarantee should 

be necessary so that it would be properly built.   

 

• Insulation -Another problem is to keep the temperature high enough to cause the 

digestion process to work or additional building work to create a warm environment 

may make it prohibitively expensive. If and to which extent depends on the required 

process temperature, the local climate and the financial means; heat loss has to be 

minimized if outside temperatures are low, warming up the digester has to be 

facilitated when outside temperatures are high.  
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For small digesters - In Bolivia there are towns that have the optimum range working  

temperature from 25 ºC to 35 ºC. These temperatures are achievable in tropical areas 

naturally. But in the investigated area for this thesis the temperature varies from -5º C  

to 15 º C degrees depending if it is day or night. The activity of the bacteria goes 

down if the process is above or below the level of optimal working temperature. In 

biodigesters without heating systems it depends on the ambient temperature and in 

many regions it is below the optimal temperature range. At lower temperatures it still 

produces biogas, but much slover. At temperatures below 5 º C the bacteria 'sleep' and 

they are no longer producing biogas. Thus, lower temperatures require a longer 

retention time because the bacteria that have decreased activity, have time to digest 

the sludge and produce biogas. Normally, a sort of plastic is used as a solar tent. [28] 

Another solution is to invest in a sort of heating system but it would lead to an 

additional cost that have to be considered.  

For a big digester the insulation and heating system is included in the cost of the 

building of the digester. 

 

• Minimum surface area - keeps cost of construction to a minimum and reduces heat  

losses through the vessel walls. A spherical structure has the best ratio of volume and 

surface area. For a practical point of view, a hemispherical construction with a conical 

floor is close to an optimal design.  

For a small digester a spherical structure is used but in a small scale and for a bigger 

digester a spherical structure is usually used but at a bigger scale. 

 

• Structural stability - sufficient to withstand all static and dynamic loads, durable and  

resistant to corrosion [27]  

The number of skilled technicians can be reduced by a more intensive the training. In 

Bolivia it is a problem to maintain the persons with high skills to continue the same 

project. In addition, training costs compete with actual construction costs for scarce 

(project) resources. Higher technical sophistication also requires more expensive 

supervision and, possibly, higher maintenance costs. To which extent prefabricated 

designs are suitable depends largely on the cost of labour and transport. [27] Skills 

and know-how are needed both to build and to maintain biogas plants. Many units 

built in the past have been abandoned for lack of servicing skills [22] For the larger 

biogas programs, especially when aiming at a self-supporting dissemination process, 



37 
 

standards in dimensions, quality and pricing are essential. Standard procedures, 

standard drawings, forms and standardized contracts between the contractor, the 

planner, the provider of material and the customer avoid mistakes, misunderstandings 

and save time. There is, however a trade-off between the benefits of standardization 

and the necessity of individual, appropriate solutions. [27] Finding building materials 

for the digesters is no problem because of all the natural resources that exist in the 

country. Labour costs are not a problem either because of the low minimum salary 

that prevails in Bolivia. Even if the set-up costs would be subsidised one thought is 

that those who will use the gas should have some financial stake in the construction, 

they may not have a sufficient sense of ownership to maintain the plant. It is more 

likely to succeed if there is a market for the fertilizer end product. This supply chain 

has to be part of the planning stage of biogas introduction. 
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7. Is it a good business case to build a functional biogas 

generator for this area? 
Thus far this thesis shows that it is technically possible to implement biogas in the 

investigated area.  

Part one shows us that there is a large amount of various residues that can be used in a 

device that produces biogas; part two explains the working principle, maintenance, 

advantages and disadvantages of different digesters that can be used to generate 

biogas. Even if a new technology is technically possible, economically-speaking it is 

not necessarily viable. This is an important part that is investigated in this third part of 

this thesis.  

The economic declarations below come from course textbooks in industrial and 

national economics: Eklund .K, Vår ekonomi en introduction i samhällseknomi 

Nordsteds förlag, (2007), and Anderson A, Bjuggren P, Ohlsson O, Industriell 

ekonomi, Stockholm SNS förlag (2003) [48.][49] 

7.1 Investment appraisal  

An investment is the use of capital that has consequences both on the income and 

expenses in the long run. To make an investment is often a hard decision, mainly 

because it may not be easily quantifiable. It is hard to weigh the income and the 

economical life time. An investment appraisal makes it easier and supports the 

decision with an investment. Investments therefore assume that the investment will 

yield future income streams, and the investment appraisal is all about assessing these 

income streams against the cost of the investment. Thus, an investment appraisal is 

the estimation of the result of investing in a particular venture or course of action. The 

appraisal will cover a number of key areas. 

Key considerations in making investment decisions are: 

1. What is the scale of the investment - can the company afford it? The amount 

of the incomes and expenses?  Investment amount required? 

2. How long will it be before the investment starts to yield returns? Break even 

amount?  
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3. How long will it take to pay back the investment? Time to break even point? 

Return on capital invested? 

4. What are the expected profits from the investment? Profit or loss over a set 

period? 

5. Cash flow over time? Could the money that is being ploughed into the 

investment yield higher returns elsewhere? Taxation? 

In this thesis the ”Resources and People Appraisal” and a ”Risk appraisal- 

Development issues” is good to consider in an economic analysis. 

  

Resources and People 

People and man days/months to deliver 

Staffing numbers if relevant 

Systems or other resources needed for investment 

Flexibility and options for delivery 

 

Risk Appraisal Development issue 

Timing issues 

Cash flow issue 

Estimates of success 

Management judgements vs hard data 

Competitive risks  

Regulatory risks 

Critical path to success 

 

 What is included in a ”Resources and People Appraisal” and a ”Risk appraisal- 

Development issues”  

To evaluate if it is an attractive investment proposal, methods such as average rate of 

return, internal rate of return (IRR), payback period or net present value (NPV) can be 

used.  

7.2 Economic appraisal methods  
 

Net present value (NPV) 

This method takes into account the fact that money values change with time (a 

discounted cash flow where a cash flow x discount factor = present value) - it looks at 

how much would be needed to invest today to earn x amount in y years time. The 

method looks at the difference between the present value (PV) and on the future cash 

flow from an investment and the amount of investment.  
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       (1.) 

r = interest rate 

n = number of years 

The NPV allows comparison of an investment by valuing cash payments on the 

project and cash receipts expected to be earned over the lifetime of the investment at 

the same point in time, i.e the present. 

 

Internal rate of return (IRR)  

This is a discounted cash flow technique where the flow of income varies over time. 

This method can be computed in several ways and it looks at the average annual 

return earned through life. There are many variables that this method looks at - it can 

be the effective rate of interest on a deposit or loan or the discount rate that reduce to 

zero the net present value of a stream of income inflows and outflows.  

To see if the project is a good investment, the IRR has to be higher than the desired 

rate of return on investment. The IRR is the rate of interest (or discount rate) that 

makes the net present value = to zero. The IRR allows comparison of projects with 

different initial outlays where the cash flows can be set to different discount rates.  

        (2.) 

CFt  = the net cash flow at period t 

CF0 = the initial cash outlay 

i = the internal rate of return 

 

Software or simple graphing allows the IRR to be found and is often computed with a 

spreadsheet formula which is not a consistent principle. Sometimes the answers can 

be misleading or wrong. This method is also called weighted rate of return.  

 

Payback period 

This investment appraisal looks at the time required to recover an investment or loan.  

This requires information on the returns the investment generates. See Figure 1 
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Figure 1- Example of how a good capital investment pays back with the years 
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7.3 Economic data for the digester calculations 
To investigate if each of the different digesters is financially possible, some economic 

data has to be considered. 

Expenses  

The capital investment cost 

All the digesters have different capital investment costs depending on the quantity of 

material needed to build it, construction skills needed, etc. see Table 7  

Item Tubular Fixed Dome Floating Dome The German 

digester- AEV 

The Swedish 

digester from 

Flotech 

Cost Low 

130-340 US$ 

High 

1,400 US$ 

High 

800 US$ and 1,700 

US$ 

Very High 

Small 335 266 

US$ 

Big 371 841US$ 

Extremely High 

1,700 000 US$ 

Table 4 - The investment cost for each digester taken from chapter 6.7. 
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Interest rate 

If the capital investment is too high a loan may be necessary. With a loan comes an 

interest rate and in Bolivia the interest rate is 6%-12%. This may sound surprising, 

but in Bolivia this depends much on what kind of agreement you can make with the 

bank depending on what contacts and security are available, and how reliable you are 

considered by the bank (see Table 5). 

 
Governmental investment interest rate (BDP) [44] 17%/year 

Micro loan (for poor people) [44] 18 %/year 

House investment for private person with 3 years 

of paybacktime[44],[54],[55] 

7.5-8%/year 

House investment for private person with 7 years 

of payback time [54],[55] 

8%/year 

House investment for private person with 10 years 

of payback time [54],[55] 

8.5%/year 

Factory investment interest [44],[54],[55] 7.5-8%/year 

Car loan 9.5%/year 

Really high risk investments interest [44] > 9.25 %/year 

Table 5 –Data from interviews and websites of bancs in Bolivia [44][54][55]  

 

Salary  

Another expense added to the maintenance costs is the salary for the person 

maintaining the digester. For a smaller digester, this cost compensates the said person 

for the time spent working with the digester instead of doing other tasks that might 

provide him with income (e.g. farming); for a bigger digester this cost is the salary the 

person(s) maintaining the digester full-time (see Table 6). 
Minimum wage 1200$/year 

A machine operator 2570-6850 $/year 

A boss for the machine operators > 9600 $/year 

Table 6 - Statistics from the Minesterio de trabajo en La Paz [52] 
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Lifetime and maintenance costs during the years 

The different digesters have different lifetime and maintenance costs. This is also an 

expense that has to be considered (see Table 10). 

Item Tubular Floating Dome Fixed 

dome  

The German 

digester- AEV 

The Swedish 

digester from 

Flotech 

Lifetime 2 years 15 years 20 years 20 years Not said 

Table 7 - Life times for five types of digesters. 

Income 

The feedstock (i.e. the organic residue) 

Today, it costs approximately 0,9-13 US$/year to employ a garbage-collector 

(including transportation costs). [52] For a bigger digester, this thesis assumes that 

this is the minimum price the biogas company have to pay each person to be able to 

collect their garbage and therefore a necessary expense. This price might enjoy a state 

subsidization and is there for just a price guideline. See the discussion part further on 

for more assumptions of the price for the feedstock.  

 

Capacity 

The capacity of the digester is different for each digester and has to be considered to 

be able to calculate how much the biogas can be sold for( see Table 8). 
Unit Tubular 

digestor 

Floating drum 

digestor 

Fixed dome 

digestor 

The German 

AEV digestor 

The Swedish 

digestor  

Minimum 

size 

1-2m3 /day 5-200m3/day 5m-200m3/day Small 360m3/day 

big 500 m3/day 

17808 m3/day 

Table 8 – Production capacities for five types of digesters 

 

 

The price for the natural gas 

To be competitive on the market, the price of biogas can not be higher than the price 

of natural gas. The price of natural gas varies depending on if it is for domestic or 

industrial use. 1 m3 of biogas is equal to 0.57 m3 natural gas and 0.62 l diesel(see 

Table 9). 
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Domestic 0.193 US$/m3 

Industrial 0.06 US$/m3 

Table 9 – The price of natural gas in Bolivia [51] 

Fertiliser  

When producing biogas the by-product can be used as fertiliser and sold for 0.71-

0.856 US$/ l. [55],[56],[57] 1 m3 biogas can generate 1-2 litres of fertilizer a day [34] 
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8. Result 

8.1 Task I - How much household and slaughterhouse waste is there in La 

Paz and El Alto? 

The result of the evaluation of how much waste is available from which it is possible 

to generate biogas was handed in to professor Rene Alvarez at the UMSA.  

The first table (see Table 11) is the theoretical value of how much biogas could be 

generated from the amount of waste found. This theoretical value is calculated using 

theoretical formulas from books and general documented experience.[36],[37], [38],[ 

39], [40], [41]. For the second table, (see Table 12) a combination of experimental 

values and theoretical values from the UMSA was used. These experiments were 

performed during the spring and the summer 2010 at the UMSA in La Paz. 

The tables display the characteristics of these slurries, which are the total solids 

content (TS), the volatile solids content (VS), in grams per kilogram reactor wet mass 

(gVS/kg) and the methane yield (m3 CH4/kg VS) where the higher yield of methane 

the better quality of the generated biogas. 

Since these values are calculated in a theoretical way with formulas from books or 

results from small experiments at the laboratory in the UMSA, it makes the result 

hard to extrapolate for the specific digesters that are used in this thesis but it is a 

useful figure for guidance nonetheless.  
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Residues TonVS

/ year 

gVS/

kg 

VS of 

TS 

TS Tonnes of 

residues 

every year 

Quantity of 

biogas m3 

Organic 

household waste 

[36] 

64780 250   259,120  32,390,000 

Organic market 

waste [37] 

1135 119 93,4 12,7 9568  397,227 

Slaughterhouse 

composition [37] 

797 138 84,2 16,4 5781  255,003 

Ruminal  content 

[38] 

519 132 88,4 14,9 3942  0 

Blood [39] 234 149 75 19,8 1576  0 

Dung [40] 36 138 76 17,9 262  4,688 

Total 66712    274,469  33,042,232 

Table 11- Theoretical results for potential generation of biogas based on different 

types of inputs 
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Residues TonVS

/year 

gVS/

kg 

VS of 

TS 

TS Tonnes of 

residues 

every year 

Quantity of 

biogas m3 

Organic 

household 

waste [36] 

64780 250   259,120  32,390,000 

Organic 

market 

waste [41] 

1135 119 93,4 12,7 9568  510,721 

Slaughterho

use 

composition 

[42] 

1051 181,8   5781  609,673 

Ruminal 

content [38] 

788 200   3942 362,664 

Blood 

[37],[39] 

234 149 75 19,8 1576  152,123 

Dung [43] 29 110 89,5 12,2 262  4,308 

Total 66966    274,469  33,510,395 

Table 12 –Estimation of how much biogas can be generated according to  

experiments done in La Paz 

The amount of 274,469 tonnes/year of waste can generate approximately 33,500,000 

m3/year of biogas. This illustrates that with a digester with the same capacity as the 

one in the experiments at the UMSA , the capacity to generate biogas exists in the 

investigated area.  Different digesters can have different capacity depending on how 

they are constructed and this can effect the generated amount biogas produced. The 

experiments at the UMSA are done with one type of digester that are used in 

laboratories. This can make it hard to predict the capacity for an other digester that is 

constructed differently.  

8.2 Task II - The process of generating biogas. 
 

Digester 1-Tubular digester also called bag digester 
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The tubular digester is already used in Bolivia. Today the tubular digester provides 

approximately 300 families in El Alto and other parts of Bolivia with small amount of 

biogas and it is spreading to other parts of the country. The knowledge to run and 

repair it can already be found in the country and the low cost of the digester makes it 

possible for the local, poorer population to buy a digester. This digester is already an 

option in Bolivia. 

 

Digester 2- Fixed dome digester 

The fixed dome digester is used in other countries with the same climate and 

economic situation as Bolivia for example (Nepal) but the constructions skills and 

standards are not yet in place. The fixed dome digester also costs more than the tube 

digester and therefore further economical analysis of the digester is needed. [34]  

 

Digester 3- Floating drum digester 

The floating drum digester does not exist in Bolivia today for the same reasons as for 

the fixed dome digester (see above).  

 

Digester 4 – The AEV digester 

The AEV digester has a much bigger capital cost than the other digesters. It is 

therefore a much harder digester to invest in without any financial aid or anyone 

taking an economic risk. But the price is reasonable compared to the size and capacity 

of the digester. So with further economic analysis this digester could be an option.  

Digester 5 – The Swedish digester from Flotech 

The Swedish digester from Flotech is far too expensive and complicated to invest in 

today in Bolivia. In addition, a digester of this size comes with other problems related 

to transportation and sorting of the different residues. These points are illustrated 

further in the discussion part of this thesis. 

8.3 Task III - Is there a positive business case to build a functional biogas 

generator in this area? 

To evaluate whether there is a positive business case in the region studied, a 

comparison of different digesters using the economic data above is undertaken. An 
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example to show how the calculations are done follows. The calculations are done in 

Excel and can be found in detail in Appendix 4. 

The data used in the calculations are put in a table of assumptions See Table 13. The 

data that are used in the table of assumptions is taken from chapter 7.3 Economic data 

for digester calculations.   

Table of Assumption   

Initial investment (130-340 USD) 340 

INCOME  

Price of naturalgas (USD/m3) 0,193 

How much 1 m3 equals in natural gas (%) 0,67 

Capacity (m3/year)  (1-2m3) 1,5 

Biogasprice (USD/year) 70 

Fertilizer (USD/year) 660 

Garbage collection (USD/year) 0 

EXPENCES  

Operations expenses (%) 6 

Working hours (h/day) 0,5 

Minimum wage (USD/year) 1200 

Salary (machineoperator) (USD/year) Not for interesting for this specific case 

Salary (a boss)(USD/year) Not for interesting for this specific case 

Depreciation (% of investment) 10 

Interest expenses (%)  8 

Taxes(%) 25 

Discount rate (%) 20 

Maintenance, repairs (%) 10 

Table 13 –Assumptions for evaluation of a biogas project in Bolivia 



51 
 

Some of the values from the assumption are variables that can vary. For example the 

discount rate can vary from 5-25% but is probably most likely around 20%. To take in 

account the different variations the program Crystal Ball is used. Crystal Ball is a help 

program for excel and is used to take into account potential variations in the economic 

data and can give a range using either a normal or triangular -distribution curve 

below. (See Figure 2 )  

Assumption 

Interest rate 

  

Triangular 

distribution with 

parameters  

  

Min 

Likeliest 

Max 

7% 

8% 

18% 

 
Assumptions  

Fertilizer capacity  

  

Normal distribution 

with parameters 

  

Mean  

Standard Derv 

1.7 m3 

0.5 m3 

 
 

Figure 2- The different distribution curves for the parameters 

 

The data for which a range of potential variables are considered are those in the table 

of assumptions that are filled with green. The extent of the range is given outside the 

table in parentheses. (See Table 13) 
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The different parameters will be used to calculate the cash flow, net present value and 

the payback time. (See Table 14) 

Table 14 – The cash flow for each year. 
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The loan payment (capital) and the interest expenses are taken from an amortization 

plan that calculates these values based on the payback time of the loan and the interest 

rate (See Table 15). 

 

Table 15-Plan of depreciation and everything is counted in US$  

The NPV are simulated with Crystal Ball, showing the different NPVs for the 

different values taken from the range given in the assumptions table.  

The NPV possibilities are calculated with and without the income from the fertiliser 

to give an idea about the importance of that income. The NVP curve is calculated for 

three different cases: 

Case I – The fertilize value is set to 1.7 US$ with a standard derivation of 0.5 US$ 

(See Figure 3) 

Case II – The fertilizer is set to a maximum of 1,7US$ and goes down to zero. (See 

Figure 4) 
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Case III – The fertilizer is set to zero. 

Assumptions  

Fertilizer capacity  

  

Normal distribution 

with parameters 

  

Mean  

Standard Derv 

1.7 m3 

0.5 m3 

 
Figure 4 – The standard deviation for the Case I 

Assumption 

Interest rate 

  

Triangular 

distribution with 

parameters  

  

Min 

Likeliest 

Max 

0 % 

0 % 

1,7 % 

 
Figure 3 – The triangular deviation for the Case II 
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Digester 1-The tubular digester 

 
Summation of data for Figure 4 

Entire range is from -$1,447 to $3,342 

Net Present Value (NPV): 1 542 US$ 

Internal Rate of Return: 557,925% 

Payback Period: Direct payback 

Figure 4- Shows the NPV for the tubular digester for Case I- With fertilizer 

Comments: The curve for the NPV for a tubular digester with fertilizer with a normal 

distributed curve around zero says that it is an uncertain case. The digester can 

produce profit as well as generate loss. The worst case scenario would be a loss of 

$1.447 if all the data that can vary in Crystal Ball has the lowest value. But the high 

Internal Interest Rate of Return and the positve NPV shows that it most likely would 

be a positive bussiness case. The table of net present value, interest rate of return and 

payback time are highly approximate values because the values are calculated with 

the numbers that are in the table of assumptions without considering the given range 

which in some cases can change the outcome drastically. And therefore in some cases 

the interest rate of return will have a very high value.  
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Summation of data for Figure 5 

Entire range is from -$2,019 to $1, 353 

Net Present Value NPV: 231 US$ 

Internal Rate of Return: 83,679% 

Payback Period Direct payback 

Figure 5- Shows the NPV for the tubular digester for Case II- With decreasing 

fertlizer 

Comment: The NPV curve for a tubular digester with decreasing income from the 

ferlilizer has the most of the normal distrubution curve on the negative side of zero 

and shows that this is an more unstable case than the first one. The risk for a negative 

value is higher and with a higher negative value this means a loss on the investment. 

The NPV and the IRR are still positive but have a lower value than in the first case for 

a fertilizer with a full income.  
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Summation of data for Figure 6 

Entire range is from -$1,971 to $1,628 

Net Present Value (NPV): -545 US$ 

Internal Rate of Return: Not found 

Payback Period: Never 

Figure 6- Shows the NPV for the tubular digester in Case III- Without fertilizer 

Table 16- Shows the result for the tubular digester 

Comment: For a tubular digester without the income of the fertilizer shows on the 

negative NPV and IRR that this is not a positiv business case. The normal 

distrubution shows that some values are above zero and could in some rare cases be a 

positive bussiness case.  
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Digester 2.1- The floating drum digester and the fixed dome digester 

 

Summation of data for Figure 7 

Entire range is from -$18,985 to $141,504 

Net Present Value (NPV): 75 218 US$ 

Internal Rate of Return: 7385,302 % 

Payback Period: Direct payback 

Figure 7- Shows the NPV for the floating drum and the fixed dome digester for Case 

I- With fertilizer 

Comment: The NPV curve has the most positive values and the extreamly high NPV 

and IRR shows that this should be a positive bussiness case. The table of net present 

value, interest rate of return and payback time are highly approximate values because 

the values are calculated with the numbers that are in the table of assumptions without 

considering the given range which in some cases can change the outcome drastically. 

And therefore in some cases the interest rate of return will have a very high value.  
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Summation of data for Figure 8 

Entire range is from -$5,548 to $76,232 

Net Present Value (NPV): 40, 587US$ 

Internal Rate of Return: 3943, 52% 

Payback Period: Direct payback 

Figure 8- Shows the NPV for the floating drum and the fixed dome digester for Case 

II- With decreasing fertilizer 

Comment: The NPV curve has more positve values and seems to have more values to 

the right. The NPV and IRR value are still very high which shows that even with 

decreasing income of the fertilizer this digester is a positive bussiness case.  
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Summation of data for Figure 9 

Entire range is from -$6430 to $76,847 

Net Present Value (NPV): 5 955  US$ 

Internal Rate of Return: 506,822 % 

Payback Period: 1 year 

Figure 9- Shows the NPV for the floating drum and the fixed dome digester for Case 

III- Without the fertilizer 

Comment: The floating drum digester without the income gives a positive NPV and 

IRR and have a short payback time. This digester is not dependet on the fertilizer as 

an income. Only some cases could make this not to be a positive bussiness case.  
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Digester 3 -The Small German AEV digester 

 

 

Summation of data for Figure 10 

Entire range is from -$217,022,393to $264,602,597 

Net Present Value (NPV): 8 200 US$ 

Internal Rate of Return: 18,158% 

Payback Period: 7 years 

Figure 10- Shows the NPV for the small German AEV digester for Case I- With 

fertilizer 

Comment: The positive NPV and IRR value shows that it is a positive bussiness case 

for the small German fertilizer. The NPV curve have some negative values but the 

higher piles are still positive which means that this most likely is a positive business 

case but there is a chance that it is not.  
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Summation of data for Figure 11 

Entire range is from -$486,678,126 to $56,812,649 

Net Present Value (NPV): -320 101US$ 

Internal Rate of Return: Not found 

Payback Period: Never 

Figure 11- Shows the NPV for the small German AEV digester for Case II- With 

decreasing fertilizer 

Comment: The majority of the  the values in the NPV curve are negative and the NPV 

value is also negative. With only a decreasing income from the fertilizer this is a 

negative business case.  
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Summation of data for Figure 12 

Entire range is from -$987,043,609 to $386,318,431 

Net Present Value (NPV): -652 563 US$ 

Internal Rate of Return: Not found 

Payback Period: Never 

Figure 12- Shows the NPV for the small German AEV digester for Case I- Without 

fertilizer 

Comment: Viritually all the values in the NPV curve are negative and the NPV value 

is also negative. With no income from the fertilizer this is a negative business case.  
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Digester  4-The German AEV BIG digester 

 

Summation of data for Figure 13 

Entire range is from -$38,622,387 to $42,374,608 

Net Present Value (NPV): 3 162 US$ 

Internal Rate of Return: 20,549 % 

Payback Period: 5 year 

Table 13 – Shows the NPV for the German Big AEV for Case I- With fertilizer 

Comment: The positive NPV and IRR value shows that it is a positive bussiness case 

for the small German fertilizer. The NPV curve have some negative values but the 

higher piles are still positive which means that this most likely is a positive business 

case but there is a chance that it is not. The payback time is shorter and the NPV and 

IRR are bigger than for the smaller German digester from AEV. 
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Summation of data for Figure 14 

Entire range is from -$14,669,116 to $1,145,275 

Net Present Value (NPV): -427 346US$ 

Internal Rate of Return: Not found 

Payback Period: Never 

Table 14 – Shows the NPV for the German Big AEV for Case II- With decreasing 

fertilizer 

 Comment: The majority of the  the values in the NPV curve are negative and the 

NPV value is also negative. With only a decreasing income from the fertilizer this is a 

negative business case.  
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Summation of data for Figure 15 

Entire range is from -$42,965,846 to $965,635,791 

Net Present Value (NPV): -889 099 US$ 

Internal Rate of Return: Not found 

Payback Period: Never 

Table 15 – Shows the NPV for the German Big AEV for Case III- Without fertilizer 

Comment: Viritually all the values in the NPV curve are negative and the NPV value 

is also negative. With no income from the fertilizer this is a negative business case.  
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Digester 5-The Swedish digester from Flotech 

 

 

Summation of data for Figure 16 

Entire range is from -$6,462,701 to $1,171.325,133 

Net Present Value (NPV): 4 700 692$ 

Internal Rate of Return: 355, 668% 

Payback Period: 1 year 

Figure 16 – Shows the NPV for the Swedish digester for Case I- With fertilizer 

Comment: The positive NPV and IRR value shows that it is a positive bussiness case 

for the small German fertilizer. The NPV curve have some negative values but the 

higher piles are still positive which means that this most likely is a positive business 

case but there is a chance that it is not. The payback time is shorter and the NPV and 

IRR are bigger than for both the German digesters from AEV. 
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Summation of data for Figure 17 

Entire range is from -$619,695,129 to $465,872,409 

Net Present Value (NPV): -10 133 517US$ 

Internal Rate of Return: Not found 

Payback Period: Never 

Figure 17 – Shows the NPV for the Swedish digester for Case II-With decreasing 

fertilizer 

Comment: The NPV curve shows that there is a possiblity for a positive business case 

since the curve have many values on both the negative and the positive side. The 

calculation on NPV and IRR, however, shows that it in most cases it is not a positve 

business case.  
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Summation of data for Figure 18 

Entire range is from -$7,560,669,650 to $908,099,248 

Net Present Value (NPV): -26 579 637 $ 

Internal Rate of Return: Not found 

Payback Period: Never 

Figure 18 – Shows the NPV for the Swedish digester for Case III- Without fertilizer 

Comment: The NPV curve shows that there is a quite big possiblity for a positive 

business case since the curve have many values on both the negative and the positive 

side. The calculation on NPV and IRR, however, shows that it in most cases it is not a 

positve business case.  
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9. Discussion  

9.1 Task I – How much household and slaughterhouse waste is there in La Paz 

and El Alto? 

A significant issue in the first part of the thesis is the possibility of hidden statistics. 

The phrase ‘hidden statistics’ refers to unrecorded numbers of garbage that aren’t 

included in official reports. Some areas and some garbage may not be included or 

even forgotten in the official numbers; alternatively, the people who pay for the 

garbage collection do not register the right amount, in order to lower their payments.  

Unrecorded numbers can be a big problem when it comes to slaughter factories. 

Because of taxes and a system that makes it hard to control the development and the 

undeclared construction of new factories makes it hard to make assumptions about the 

quantity of waste. For example, if the government only gives a slaughterhouse factory 

permission for 300 animals, the factory puts 300 animals on the official papers, but 

can in reality have a lot more then 300 animals if they (unofficially) slaughter more 

animals that is allowed or build more factories.  

To avoid this, a comparison with different sources has been carried out, as well as 

with statistics for different countries to see what is a reasonable amount of garbage 

produced.  

The result of the first part consists of a theoretical result and a result based on 

experiments carried out in the laboratory at the UMSA. Given that the experiment 

was carried out with a smaller scale laboratory digester, these results still only give an 

approximate result of how much biogas a digester can produce. 

9.2 Task II – The process of generating biogas. 
The second part of the thesis compares different digesters and different data sources. 

Most of the information comes from experiments and sites that sell these digesters.  

So the numbers provided may be somewhat optimistic and affect the estimates made.   
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9.3 Task III – Is there a positive business case to build a functional biogas 

generator in this area? 

Most of the numbers have a large variation. For example the salary for a machine 

operator can vary from 2570$-6850$ and the interest rate can vary from 7-18%, 

which makes it hard to calculate a certain value. However, the program Crystal Ball 

can take into account these variables and give a range of estimated costs in a 

normally-distributed curve. The net present value and the interest rate of return are 

therefore only approximate values because of the large spread in variables. In some 

cases the interest rate of return gets very high and the values appear too extreme. This 

is mostly because the direct payback - payback in less than one year - gives an 

Interest Rate of Return value of in some cases up to 7000%. This may seem like a 

failure counts but if there is a mistake in those extremely good calculation it lays 

within the assumptions that can be found in the assumption table see Table 13. 

All the calculations are done both with and without the fertiliser to point out the 

importance of this variable. This shows that only the floating drum digester is 

economically defendable fertilising. It cannot really be said that most digesters are 

good investments, with the fertiliser being so important. The fertiliser market is a 

relatively new market in Bolivia and if an investment of a digester is made and it 

produces much fertiliser it is not certain that it would all be consumed, and the 

incentive for further investment in digesters would perhaps suffer. A special 

investigation of the need of fertiliser or the market of fertiliser where a new bigger 

digester is constructed must be done before investing in it.  

The result is theoretical values in a big range; this shows us that it is economically 

possible to invest in biogas digesters when most of the values have a positive value 

but also that there are some variables to be fulfilled before investing in this project. 

The digesters need a market for the fertiliser and there must be a will to invest in both 

biogas and fertilisers. 

9.4 What are the problems to be considered to make it a future energy 

source 

What is the benefit of using biogas instead of other forms of energy supplies? 

As mentioned in the introduction the renewable energy type biogas is used all over 

the world today. To generate biogas from residues and slaughter factories and instead 
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of using natural gas and petroleum as a energy source is one way to solve an 

environmental problem. The cities of La Paz and El Alto have high pollution 

problems and the high amount of residues are becoming a problem. There is a need 

for a renewable clean energy in the cities La Paz and El Alto.  

 

Social problems 

One problem is to get the confidence for the relative new product, no matter if it is a 

smaller one from the farmers or if it is a bigger on from the government. One example 

of that was the tube digester that scientists presented to farmers in Vietnam and it took 

approximately 3 months until the first farmer bought one. [19] It seems like the same 

problem with confidence is occurring in Bolivia today. 

 

Promotion of the benefits with biogas is needed if it is to be accepted in the rural areas 

where feedstock is available. Handling animal and human wastes is a sensitive 

cultural issue and even the use of the gas may be unacceptable in some societies. 

Collection of dung may be problematic if the livestock is not held in a fixed place but 

is allowed to wander freely. The use of human waste appears to be more successful 

when it is associated with an institution such as a school or a hospital, rather than an 

individual home [22],[34] One social and technical problem is how to sort out the 

different kinds of waste products. Because in some countries like Bolivia, waste 

collection is not so well managed. 

Having someone sorting out the different materials would probably be too difficult a 

solution at this moment. 

 

Understanding their social problems is a very important or otherwise the whole 

project can fail. Some of the social problems can be observed in San Miguel. The 

digester is supposed to clean the waste water for the population of the village and to 

produce biogas. The plant was built by Americans with financial aid from an 

American school. As said in the introduction; today when the digester is not working 

correctly, the gas escapes from the tank. It hard to find information about the 

construction because the basic knowledge about the equipment is not in the country.  

 

Another problem is that they did not think about potential problems that could occur 

after implementing an untested digester in a new climate zone. For example in the 
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first filter of the waste water contained underwear, bottles and other large by-products 

that should not be in a waste water system were found. It is common in the Bolivian 

population to throw almost everything in the toilets and the waste water system.  

 

Other problems occurred when the artificial lagoons of the digester were growing 

algae. To solve the problem salmon were put in the water to eat the algae but the 

salmon disappeared after a while and one of the possible reasons could be that the 

population of the village started to fish in the reservoir.  

 

The digester in San Miguel was built 100-200 meters into the jungle and today daily 

maintenance is necessary. Otherwise the road would be impossible to get through, if 

the forest is not maintained. 

  

What can be learned from this experience is that before building a biogas plant, there 

are different circumstances which should be considered. For instance, the natural and 

agricultural conditions in the specific countries are as important as the social or the 

economic aspects [27] which will be discussed further on.  

 

Political  

Government promotion and involvement can assist in the dissemination and make it 

easier to implement biogas. This can be a win-win solution as it provides clean energy 

and reduces problems associated with waste. To see the difference in how the 

government can support a biogas digester, Sweden, Bolivia and other countries are  

compared below.  

 

Bolivia 

La Paz and El Alto are highly polluted cities and therefore could renewable fuel be 

one way to solve this problem. But there is no financial aid for renewable energy and 

also no tax relief for it today. Instead the implementation of the biogas becomes 

harder because of the governmental subsidized natural gas. The natural gas is a big 

natural resource in Bolivia and is also exported abroad. The natural gas costs today 

0.193 US$/m3 for domestic use and 0.06 US $/m3 for industries with the subsidies and 

[51]. That subsidized price obliges the biogas producers to lower their prices of 
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biogas to make it valuable for the market. This makes it more difficult to construct a 

biogas plant that is a positive business. The cost of biogas has to be lower than the 

natural gas to buy or otherwise it will not be an interesting option on the market. 

 

Sweden 

In Sweden the state and government play an important role. Municipalities can get 

benefits from the state in the form of support of tax payer money [24.] The 

introduction of a carbon tax is the main striking difference that made it more 

profitable to reduce the emissions from heating of homes and premises. Today, 

natural gas in Sweden costs 7 kr/m3 to buy in Sweden while each Nm3 biogas 

production costs 4kr/Nm3 with governmental financial aid. [31] There are also a 

number of other laws and regulations on emissions by companies in Sweden may be 

observed. Sweden had in year 2008 more than 16 888 vehicles running on biogas fuel.   

 

Other countries 

For other countries set-up costs are relatively high so may only be affordable to those 

on higher incomes. Micro credit can be used to reduce this problem. Credit schemes, 

or well-targeted subsidies will enable a larger number of people to access biogas 

technologies and thus stimulate the market. For example, USAID’s Nepal Biogas 

Microfinance Capacity Building Program has established appropriate financial 

institutions to help continue and sustain the development of the biogas sector in 

Nepal. The Asian biogas program has set up various credit and loan systems, 

including an innovative carbon finance mechanism for credits in Vietnam. [22] 

 

Financial problems 

A smaller digester 

A 4m3 digester produces 1m3 of gas per day, enough for daily cooking and heating and 

could be an investment for a family. But since Bolivia is a developing country with a 

very poor population even an investment of 1000 US $ is a really high investment. 

The unstable economy in the country makes it only harder to loan money from the 

bank where the interest rates are usually quite high, from 7 % /year and up to 18% / 

year. An interest rate that high gives a really long payback time that makes it hard to 

make such an investment.  
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For poorer people in many developing countries a micro loan or micro credit could be 

an option as there is almost no insurance for these investments either which also 

makes it harder to relay on the product to invest in and therefore no good security for 

the bank.  

 

A bigger digester 

Also for a bigger digester the high interest rate leads to a long rate of return and 

therefore makes it hard to invest in a bigger digester. One option would be 

governmental investments, as they have the lowest interest rates in the country with 

only 17%/year. But even at this interest rate in the country is it hard to invest in a new 

larger biogas plant.  

 

9.5 Logistical problem - transportation cost 

How much does it cost to transport the waste to a biogas digester instead of a place 

where the garbage is taken? 

 

It costs approximately 0,9-13 US $ /year for someone to have their garbage collected 

[53],[4],[12]. The bill for the garbage collection depends on how much electricity the 

household consumes; and therefore makes it harder to calculate how much waste is 

generated. If transportation of garbage to a biogas plant is possible, this cost probably 

has to be lower than this price. It is not investigated in this thesis if the cost of garbage 

collection is presently subsidised by the state. It therefore can not be an accurate 

estimate for the collection of garbage to a biogas plant but in fact just a rough 

guideline approximation of the cost for this service in economical calculations. It is 

likely that this would only work with governmental financial aid.  

 

In Sweden, measures taken by the government make it cheaper for the 

slaughterhouses to supply the biogas plant with waste, costing 29,8 US$ per ton, 

instead of burning the slaughterhouse waste which would cost approximately 179-269 

US$/ton.  

To transport the biogas costs around 0,149 US$/m3 and one average-sized truck can 

transport 7000 m3 of biogas, which would produce the same amount of energy as 30-
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40,000 litres of gasoline, which would be more expensive to transport. The highest 

costs come with transporting fertiliser made from biogas to farms. [31] 

The problem of how to sort out the different sorts of garbage, i.e. the organic waste 

from others mentioned above, becomes a bigger problem with a larger digester where 

more materials are collected from different places.  

 

If the organic waste were to be collected from different households, how would one 

collect and sort the different types, given that few people in Bolivia sort out the waste 

they produce into organic and non-organic garbage? As mentioned above, having 

someone collecting and sorting out the different residues would most probably be an 

unpleasant job; therefore, it would be necessary to provide information for the public 

about how to sort out their garbage and give them some economic reward or tax relief 

as an incentive. Changing the ordinary routine of a population is a challenge and a 

time-consuming project.  

 

Another alternative could be to build a biogas plant next to a factory, so that no 

transportation would be needed. For example, if a biogas plant is built next to a 

slaughter house, the biogas produced could be converted to energy and used directly 

in the factory. However, several problems arise with this method; for example, one 

would have to take into account the amount it would cost to break down the waste 

before it can be put into the digester. 
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10. Limitations of the investigation 

10.1 Task I - How much household and slaughterhouse waste is there in La 

Paz and El Alto? 

Field studies to investigate where and how the garbage is collected have not been 
done at the current time. A further investigation into how the garbage trucks operate 
and how their route could be optimized to collect and deliver the garbage to a bigger 
biogas digester would be an important future project.  

10.2 Task II - The process of generating biogas 

An investigation of the functioning of the different digesters available on the market 
today (especially the Bolivian tube digester) has not been done. Better knowledge on 
their specific efficiency would be necessary to perform a cost-benefit analysis. 

10.3 Task III - Is there a positive business case to build a functional biogas 

generator for this area? 
A more detailed evaluation of the effects of introducing a new product (bio-digesters) 
in a new market was not done. No products have been practically tested to see if there 
is a positive business case. The installation of tube digesters was in the project stage 
and not a working business case when this study was done. Different economic 
calculations would be necessary to ensure that there remains a positive business case 
for the installation of biogas generators. 

In this thesis, I have not investigated if the cost of garbage collection is presently 
subsidised by the state. The cost for collection of garbage and transport to a biogas 
plant is therefore not a precise figure, but a rough approximation for calculation of the 
cost for this service in the economic analysis.  

11. Conclusion 
 

Government promotion and involvement can assist and make it easier to implement 
biogas production in Bolivia. This can be a win-win solution as it provides clean 
energy and reduces problems associated with waste.  

Unfortunately this is not currently the case in Bolivia: the implementation of biogas 
production is difficult due to the subsidies provided to natural gas, and the difficulties 
involved in taking a loan with high interest rates. For poorer people in many 
developing countries, a micro loan or micro credit could be a solution. There is 
almost no insurance for the investment in a biogas digester. This increases the risk 
involved in the investment as there is not a good security for the bank. There is 
therefore a problem to obtain confidence in this relatively new product. 

One social and technical problem is how to sort out the different kinds of waste 
products due to the fact that, in developing countries such as Bolivia, waste collection 
is often not so well managed. Handling animal and human wastes is a sensitive 
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cultural issue and even the use of the gas produced from these wastes may be 
unacceptable in some societies.  

 

11.1 Task I - How much household and slaughterhouse waste is there in La 

Paz and El Alto? 

• Overall, there are 274,000 tonnes /year of waste products available that can 

be used to produce biogas. This amount of residues can generate 

approximately 33,500,000 m3 of biogas, assuming full usage of available 

waste. 

11.2 Task II - The process of generating biogas 

• The resources and knowledge already exist in the country for the tubular 

digester 

• The fixed dome digester and the floating drum digester are not currently used 

in the country, and therefore the necessary technical know-how regarding 

these digesters is not yet in place. 

• There are some technical and social problems that come with applying a 

bigger digester in Bolivia. 

o Transportation costs 

o How to sort the waste 

o The subvention of the natural gas 

11.3 Task III - Is there a positive business case to build a functional biogas 

generator for this area? 

• Of the smaller digesters, the fixed dome and floating drum digester are in this 

study a better investment than the tube digester and these are the only 

digesters that are theoretically economically beneficial without selling the 

fertiliser  

• To implement a bigger digester is in this study is theoretically economically 

beneficial today if there is a market for the fertiliser. 
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Appendix 1 - Pictures 
Figure 1.1 Newspapers article (June 2009) “El problema con las basuras en La 

Paz” (La Prensa) Avaiable:http://www.laprensa.com.bo/noticias/14-06-

09/noticias.php?nota=14_06_09_ciud1.php (Accessed February 2010) 

Figure 1.2 The photo comes from the photographer’s  blog at www.flicker.com, 

nickname solidaridad_bolivia. Available: 

http://www.flickr.com/photos/72109735@N00/329406000/ (Acessed: August 2010) 

 

 

 

Figure 2- The lifecycle process for biogasFigure 2 The picture is comes from 

www.ecofox.org/blog/ (Acessed: August 2010) 
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Figure 3- The bag digester.Figure 3 The picture comes from www.biofuelworks.com 

(Accessed: August 2010) 

The picture comes from http://www.biogaspower.co.za/technologies/anaerobic-

digestion/bag-digester (Accessed: August 2010)  

 

 

Figure 4- The working principle for fixed dome digesters.Figure 4.The picture comes 

from Industial Gasplants homepage Available : 

http://www.industrialgasplants.com/biogas-plant.html (Accessed: August 2010) 
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Figure 5- The working principle for the floating drum digester functions.Figure 5. 

The picture comes from Industial Gasplants homepage Available : 

http://www.industrialgasplants.com/biogas-plant.html (Accessed: August 2010) 

 

 

Figure 6 – A man building a fixed dome digester 

 

 
Figure 7 The AEV digester Figure 6 Photos comes from the Business proposal and 

price description for the biogas digester AEV to CPTS, Environmental Concept GbR, 

2008 

. 
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Figure 8- The Swedish biogas digester in Linköping. Figure 7 The picture comes 

from www.swedishbiogas.eu (Accessed August 2010) 
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Appendix 1 - Interview guide for Svensk biogas AB with 

Johan Pettersson made by Gabriela Aue 

 

Interview Guide – Svensk biogas 

What is the demand for biogas in the surrounding area? 

How much biogas does this plant generate? 

What is the difference between the cost of natural gas compared to the cost of biogas?  

Does gas companies in Sweden use their own biogas energy in the factory?  

Is there an exchange with the nearby farms so the energy flows in a lifecycle? 

How much biogas would be optimal to produce in the current situation? 

What do you think is the desired amount biogas you want to produce in a couple of 

years? 

How has the Swedish policy contributed to biogas investment? 

How much is subsides / helps our state? 

What is the cost to build and cost to operate a facility 

What are the different steps in this biogas plant to generate biogas? 

What can go wrong in each step and what is important to consider in each step? 

How do you avoid these errors? 

How much do the different machines cost? 

How could we make this investment cheaper? 

What are the main factors that are needed when to build a biogas plant? 

Are there cheaper alternatives how to build a biogas plant? 

Do you know any other way to build a biogas plant? 

How much does it cost to operate the plant? 

Total cost of the plant during a day of labour to operate the facility included logistics 

compared to how much biogas is extracted? 

How can pressure, cold climate, and waste the blood affect the production of biogas? 

What does the temperature affect in the process? 

What are the different waste in which you can generate biogas? 

What is a COD value and where one can find them? 
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What are the different COD values and how do they effect the time variable to extract 

the biogas from the waste? 

The effect of the PH value? (6.5-8)? 

What happens to all hazardous substances and wastes for biogas production? 

How do you do with stirring in a biogas plant? 

Requirements for de digester? ( anearobic relationship and dark?)  

How have you optimized the process over the years?  

Investment cost?  

Initial investment per year?  

Net gain? (Net profit)  

Operation costs? 

Capital? (Principal and interest) 

Gains each year, compared with expenses?  

 

Logistics  

What are the logistics for this plant? 

What material is transported and who pays for it?  

How much do you pay to transport the biogas?  

What do you pay for biogas in kilo or in m3 of biogas obtained.  

Is the plant using biogas trucks to transport the waste?  

Which part of the logistics chain costs the most?  

How much waste is done by the biogas plant?  

What do you do with the waste from anaerobic digestion? 
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Appendix 2 - Economic calculations 

Table 1 –Shows the calculation for the tubular digester 

Table 2- Shows the assumptions for the calculations 
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Table 3- Shows the calculations for the Floating drum 

Table 4 –Shows the assumptions for the calculations 



94 
 

 

Table 5 – Shows the calculations for the Small German AEV digester 

 

 

 

Table 6 – Shows the assumptions for the small AEV digester 
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Table 7- Shows the calculations for the Big German AEV digester 

 

Table 8- Shows the assumptions for the Big German AEV digester 
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Table 9 – Shows the calculations for the Swedish digester 

 

Table 10 – Shows the assumptions for the Swedish digester 
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Table 11 Example of an amortization plan for ten years. 
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Table 12- The standard derivation range for the different parameters. 


